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For the synthesis of certain molecules of interest in Dr. Richard 
Olsen's laboratory it was necessary to produce N-protected a-amino 
alcohols from N-protected amino acids and subsequently, after furt her 
synthesis steps, to oxidize the hydroxyl functionalities of these molecules 
back to carboxylic acids. A number of methods are known for the reduction 
of carboxylic acids to alcohols; several methods are also reported in 
the ch~nical literature for the oxi dation of alcohols to carboxylic acids. 
The problem in finding a suitable general method, is that the amino acid 
s ide chains affect the reactivity and che1nistry differently in each 
specific case. I report a met hod that has been shown to be effective for 
the reduction and subsequent reoxidation of a number of N-carbobenzoxy and 
N-tert-butyloxycarbonyl protected amino acids. 
A number of methods for reduction of carboxylic acids reported in 
the literature involve the formation of an ester of the acid and subsequent 
reduction with a number of possible reagents. The methyl ester (I) of 
Z-L-Alanine (_l) was made by esterifying the amino acid with methanol, 
using the reagents WSC(l-Ethyl-3-(3-Dimethylaminopropyl)Carbodiimide 
and DMAP(4-Dimethylaminopyridine).1a,b 
Reduction of the methyl ester (I) directly to the amino alcohol (l_) 
was attempted in a number of ways. Z-Ala-OMe was reacted with Dibal-H 
(Di-isobutyl aluminum hydride) in dry toluene. 2a,b Reactions were done 
at temperatures ranging between -50°C and -78°, with amounts of Dibal-H 
ranging between 3 and 6 equivalen t s, and reaction times ranging from six 
minutes to three hours. In all case s the amino aldehyde(±) was isolated 
as the major product, with the yie l d of amino alcohol much less than 10%. 
Longer reaction times and several equivalents of Diba1-H did not increase 
the yield of amino alcohol, but led to a mixture of several organic product s. 
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The direct reduction of the ester (I) was also attempted by various 
methods reported in the literature, using NaBH4 and methanol, ethanol or 
alcohol-water mixtures as so1vents. 3a,b Excess NaBH4 and reaction times 
varying from 2 to 24 hours again produced t he amino aldehyde(!) and 
failed to yield the desired amino alcohol in satisfactory yields. 
Prolonged refluxing increased the yield of amino alcohol, but yields were 
poor and the product was shown to have undergone almost complete racemization 
when later oxidized. 
A suitable method for producing the amino alcohol involved reacting 
a protected amino acid (~) with ethylchloroformate in dry THF, to form 
the reactive mixed-anhydride(~), this was then reduced with excess NaBH4 
in water at room temperature. 4 Yields produced by this method were 
satisfactory and the product apparently underwent little racemization. 
Methods for oxidizing alcohols to carboxylic acids include the 
two step reaction involving oxidation of the alcohol to aldehyde using 
Cr03-pyridine
5 
and subsequent oxidation with Ag2o.
6 The use of potassium 
permanganate in the presence of a base, is also a well known process for 
the oxidation of alcohols, 7 but attempts at using this method to oxidize 
Z-L-Alanol failed to yield the desired product. 
The method found to be most successful in oxidizi ng a protected 
amino alcohol (Z) to the original protected amino acid (~) was Jones 
0 'd . 8 x1 at1on. this mixture is 
added dropwise to a chil led solution of the protected amino alcohol in 
isopropylalcohol- free acetone. The amount of aceton~ used as solvent 
plays a key role in determining the extent of reaction; excess solvent 
causes the reaction mixture to separate into two phases and oxidation can 
can be limited to the aldehyde. Use of less solvent leads to a more 
homogeneous reaction mixture, assuring greater contact of the alcohol with 
the oxidation reagents; with excess Jones reagent, direct oxidation to 
the acid can be achieved. 8 
The progress of reaction was followed using thin-layer chromatography; 
reaction times of 1.5 to 2 hours were sufficient for completion of reaction. 
Fair yields were achieved with this method. Comparison of original 
starting materia·1 with the protected amino acids obtained by oxidation 
showed little racemization. Dr. Krishna Bhat has also performed the 
same reactions with t-Boc-L-Ala-Olt and t-Boc-(0-Benzyl)-L-Ser-OH as well 
as other protected amino acids and obtained similar if not better results. 
% Yield [a]D20 [a ]D20 
N-Protected Amino ,LI.mi no 1~ Yield Amino Acid 
Ami no Acid Aci d Alcohol Acid {Product} 
Z-L-Al a-OH 78~1, -6.82 d 74% - 15.78a 
t-Boc-L-Ala-OH 74% - 11. JC 82% -13.00b 
t-Boc-(0- Benzyl)- 84% -l 3.21c 63% -21 .05c 
L-Ser-OH 
aln acetic acid, reported -14.3 ° . 9 
bln chloroform -22.4 ° in acetic acid, reported same.10 
cln chloroform. 
dln acetic acid. 
[a ]D20 
Amino Acid 
(Sta ndard} 
-16.la 
-12.0lb 
-21 .55c 
Experimental Section 
Unless otherwise noted, materials were obtained from commercial 
sources and were used without further purification. THF was dried over 
sodium metal and distilled before use. TEA was dried over potassium 
hydroxide. Acetone was refluxed over potassium permanganate and dist;1 ·ed 
before use. Melting points were determined on a Thomas-Hoover apparatu~ 
and are uncorrected. NMR spectra were determined in CDC13 with TMS as 
reference, by using a Varian EM-360 spectrometer. Opitcal rotations 
were measured with a Perkin-Elmer 241 automatic polarimeter. 
General Procedure: Carbobenzoxy or tert-butlyoxycarbonyl N-protected 
amino acid (10 mmol) was taken in dry THF, chi"lled to -5 °C. 1.01 g (10 nmol) 
TEA was added with stirring. 
.96 ml (1.09 g 10 mmol) ethylchlorofor mate 
was dissolved in 5 ml dry THF and added dropwise over 25 minutes . Reac~on 
was allowed to stir an additional 30 minutes at -5°C. Triethylammonium 
chloride salt was filtered off, washed with 15 ml THF, and filtrate was 
added dropwise over 30 minutes to a suspension of NaBH4 (1 .89 g .05 moll 
in 10 ml H2o, which was chilled to 10°C. The reaction then stirred f our 
hours at room temperature. Reaction mixture was acidified with 3 N HCl, 
where upon it separated into two layers. The product was extracted with 
ether or ethyl acetate; the organic extracts were combined, washed with 
10% aqueous NaOH, and H2o, then dried over anhydrous Na2so4 and 
concentrated in vacuo. Z-L-Alanol was isolated as a waxy solid, which 
was crystallized from chloroform/hexane to give a white crystalline 
solid. t-Boc-L-Alanol was isolated as a white amorphous solid which was 
purified by elution through a silica gel column (Hexane:Acetone 75:25). 
For each millimole of protected amino al cohol to be oxidized, 
the necess ary amount of Jones Reagent contains: .08665 g Cr03, .52 ml 
H20 and . 15 ml H2so4. This is added dropwise to a solution of the amino 
alcohol in isop ropanol- free acet one (2.5 ml per millimo le amino alcohol) 
which is chilled to 0°C th roughout the full reaction time. After the 
reaction has gone to completion (1.5 to 2 hours), excess Jones reagent is 
quenched with a small amount of 2-propanol; the mixture is diluted with 
H20, and the acetone is removed in vacuo. The aqueous remainder is 
extracted with ethyl acetate, the organic extracts are combined, washed 
with brine, dried over anhydrous Na2so4 and concentrate d~ vacuo. The 
products were purif ied using column chromatography (CHC13:MeOH 9:1). 
Z-L-Ala-OH was isolated as a crystaline solid; t-Boc-L-Ala-OH and t-Boc-
(0-benzyl)-L-Ser-OH were isolated as amorphous solids. 
Z-L-Alanol: mp 60-62°C; R.F . . 32 (Hexane:Acetone 3:1); NMR l. l (s, 3H) 
3. l ( s, l H) , 3. 6 ( m, 3H) , 5. l ( s, 2H) , 7 . 5 ( s, SH) . 
Z-L-Alani ne: mp 84°; R. f. .61 (CHC13:methanol 9:1, 15% ace tic acid); 
NMR 1. 3 (d, 3H), 4.3 (m, LH) , 7.3 (s, 5H) , 10. 7 (s, lH). 
t-Boc-(0-ben zyl)-L- Seri nol: R.F .. 55 (hexane:acetone 7:3); NMR 1 .4 
(s, 9H), 2.1 (t, 2H), 3.8 (m, 3H), 4 .5 (s, 2H), 7.4 (s, SH). 
t-Boc-(0-benz yl)-t -Ser -OH: R.f. .63 (CHC13:methanol 9:1); NMR l.4 
(s, 9H), 3.9 (m, 3H), 4.5 (s, 2H), 7.35 (s, 5H), 10.3 (s, lH). 
t-Boc-L-Alanol: R. f. .37 (hexane:acetone 80:20); NMR l. l (d, 3H), 
1.4 (s, 9H), 3.2 (s, lH) , 3. 7 (m, 3H). 
t-Boc-Alanine: R.f . . 51 (CHC13:methanol 9:1, .5% acetic acid); NMR 
1.2 (d, 3H), l. 4 (s, 9H), 4.7 (m, 3H), 10.3 (s, lH) . 
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